' ' Jl 



PATENT SPECIFICATION 



<"> 1268711 



fH NO DRAWINGS 

H (21) Application No. 29294/69 (22) Filed 10 June 1969 

(31) Convention Application No. 022379 (32) Filed 12 June 196S in 

Qf) (33) Canada (CA) 

£Q (45) Complete Specification published 29 March 1972 

CM (5 1) International Classification C 07 b 27/00 C 07 c 3 /52 15 /02 15/26 

pH (52) Index at acceptance 

C2C 17X— 195— 282 215 246 247 250 251 25Y 30Y 321 
32Y 351 355 3A10E3D1 3A10E4A4 3A10E4B1- 
3A10E5E 3A10E5F1A 3A10E5F2A 3A10E5F3A 
3A1CE5G 3A10E5J 3A13B2A1 3A13B2A2 
3A13B2A3 3A13B2A4 3A13B2G 3A14A3D 
3A14ASD 3A14B3D 3A14B8D 3A8A4 3ASB2 
3ASC3 3A8C6 3A8K 43X 650 675 776 LL ZL 

CIA E3HD E3RX 

C5E 7B1A2 7B1BX 7B1Y 7B3 8B1A1 8B1Y 8B3A1 
8B3B1A2 8B3B2X 8B3Y 

(72) Inventors BASIL VOLODYiMYR GREGOROVICH and 
STEWART FERGUSON MACDONALD 

(54) ALKYLATION PROCESS 




10 



15 



20 



30 



(71) We, Canadian Patents and Development Limited, a Company 
duly incorporated under the laws of the Parliament of Canada, to which the Govern- 
ment Companies Operation Act applies, and having its head office at 275 Slater 
Street, Ottawa 4, Province of Ontario, Canada, do hereby declare the invention, for 
which we pray that a patent may be granted to us, and the method by which it is 
to be performed, to be particularly described in and by the following statement: — 

The present invention relates to ring alkylation of aromatic compounds and in 
particular relates to a novel reductive alkylation process which involves condensation 
of a carbonyl compound with said aromatic compound in the presence of both an acid 
condensation agent and a compatible reducing agent, the latter effecting reduction of 
the intermediate compound resulting from the condensation, concurrent with its forma- 
tion. 

At the present time there arc numerous methods of effecting ring alkylation of 
aromatic compounds, imer alia according generally to the following reaction sequence 

ArH„ — >Ar(CHR 1 R-) m H a . m 

wherein Ar is an aryl group bearing n replaceable ring hydrogen atoms, m is an 
integer from 1 to n, and R l and R- are hydrogen or aliphatic radicals. 

One known method of ring alkylation of an aromatic compound is to subject the 
aromatic compound to chloro-methylation by reacting the aromatic compound with 
formaldehyde in the presence of hydrochloric acid and zinc chloride and reducing the 
resultant chloromethyl intermediate such as by catalytic reduction. The process is 
believed to proceed according to the following reaction sequence 



CH„ HCl 



reduction 



ArH„ ^ArH a . ni (CH,Cl) m — >ArH ll . m (CH 3 ) lll 

ZnCl. 

However, this process is subject to many disadvantages and in particular it has 
seldom been possible to use aldehydes other than formaldehyde thus making the pro- 
cess only useful for mcthylation. Further the process is a two stage process, of which 
the first stage of chlorornethylation is not applicable to very reactive compounds, such 
as. many phenols, tars tending to be formed and thus the intermediate chloromethyl 
substituted aromatic compound is not isolatablc for subsequent reduction in the second 
sta^e. Further the presence of a chloromethyl group on the aromatic ring tends to 
reduce the reactivity of the other ring positions and in the majority of cases it is 
difficult to substitute the ring by more than one chloromethyl group and at most it 

[Price 25p] 
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reduction 



ArH— *ArBr > -i (CH^SO, 

CH-MgBi ArMgBr— - '-ArCH... 

ArH — > -I 
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has only been possible to substitute the ring by three such chloromethyl groups. It 
has not heretofore been possible to use this reaction for substituting the ring by 
more than three methyl groups and the method has usually been restricted to mono- 
methylation of the ring only for a single two stage process, the total two stages of 

5 the process having to be repeated to obtain further methyl nuclear substitution. 

Another known process for ring alkylation of an aromatic compound is the forma- 
tion from the aromatic compound of an intermediate aldehyde or ketone therefrom 
such as by the Freidei-Crafts or related reaction in which for example a phenol or 
a phenolic ether is condensed with an acid chloride or acid anhydride in the presence 

10 of aluminum chloride and subsequent reduction of the aldehyde or ketone by the 
Clemmensen Reduction or other method. The process is believed to proceed by the 
following reaction sequence 

Friedel-Crafts 

ArH n >ArH ll . lll (COR , ) m -^ArH, l ., ll (CH,R 5 ) m 

where Ar, n, m and R 1 as as above. However, again this a two stage process involy- 
15 ing the isolation of the intermediate aromatic aldehyde or ketone further it ts on y 15 

possible by this method to substitute the ring by at most two alky! groups and usually 

one alkyl group and again with this method it is only possible to substitute the ring 

with groups having CH.. next to the ring. . 

A further known method of ring alkylation of aromatic compounds involves the 
20 treatment of the aromatic compound with formaldehyde in the presence of an acid 20 

and treatment of the product obtained with zinc dust in the presence of an alkali. 

This process is believed to proceed according to the following reaction sequence 

CH,0 

ArH n >(ArH n _,)XH u — ^ArHu-jCH^+ArHn 

acid 

where Ar and n arc as above. However, this process is also a two stage process and 
25 is only applicable to very reactive phenols such as phluorogiucinol and /?-naphthol -5 
and has been used for mcthvlation only. Further, due to the. mechanics of the reac- 
tion in which the intermediate compound on reaction with the zinc dust and the 
alkali splits into a methylated aromatic compound and a rcactant non-methylated 
compound, a mixture of such products is obtained and complete conversion of the 
30 aromatic compound to a ring methylated compound is impossible even with recycling. 30 
Yet another known method of ring alkylating an aromatic compound involves the 
Mannich reaction which comprises condensation of the aromatic compound with the 
hydrochloride of dimethvl amine and formaldehyde and the intermediate dimethyl- 
aininomethyl compound Is subsequently subjected to catalytic reduction. The process 
35 is believed to proceed according to the following reaction sequence 3d 

CH.O, (CH :i >.NH . HC1 

ArHrt : — >ArH lt . in (CH,N(CH a ),) m 

Mannich Reaction 

catalytic 

^-ArH 0 - Ml (CH a ), n . 



where Ar, n and m arc as above. Again this process is a two-stage process involving 
isolation of the intermediate amino compound and is only applicable to more reactive 

40 aromatic compounds (which does not include benzene), is usually applied to methyla- 40 
tion only and will at most allow trialkylation cf the aromatic ring and usually only 
mono-alkylation. . ... 

A still further known method of ring alkylation of an aromatic compound is by 
means of the Grignard Reaction applied to the aromatic compound and treatment 

45 of the Grignard compound so obtained with dimethyl sulphate. The process is believed 45 
to proceed according to the following reaction sequence 
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Again this process is a two stage process involving an intermediate Grignard com- 
pound and this process is not applicable to compounds which do not give Grignard 
reagents such as phenol and with this method it is only possible to monoalkylate the 
ring. . 

5 It is also known that ring alkylation may be carried out by treatment of the 5 

aromatic compound with an alcohol or an alkene in presence of a strong acid at a 
temperature from about 0 to 100°C. The process is believed to proceed according- 
to the following reaction sequence 

alcohol or alkene 

ArH (l >ArH M R n 

strong acid at 0— 100°C. 

10 where Ar and n are as above and R is an alpihatic or araliphatic radical. While this 10 
process is a single stage process it has limited usefulness as rearrangement of the 
alkyl group of the alkylating reagent may take place and in particular reaction with 
secondary butyl alcohol frequently gives tertiary butyl derivatives. Further methylated 
benzenes may isomerize or disproportionate during the reaction for instance to ben- 

15 zene and polymethylbenzenes. The reaction is also reversible and as such complete 15 
alkylation is rarely if ever achieved. 

Another known single step process for the production of ring alkyl aromatic 
compound is treatment of the aromatic compound with an alcohol or alkene and the 
presence of a solid catalyst at high temperatures. The process is believed to proceed 

20 according to the following reaction sequence 20 

alcohol or alkene 

ArH„ >ArH H . lu R, H 

solid catalyst, high temperature 

where Ar, R, n and m are as above. This method is subject to the similar disadvantage 
as the previous method and in addition only stable and volatile aromatic compounds 
may be alkylated. 

25 Again another known single stage process for the alkylation of aromatic com- 25 

pounds involves the Friedel-Crafts reaction using aluminum chloride and an aliphatic 
chloro-ccmpound. The process is believed to proceed according to the following. reac- 
tion sequence 

RC1 

ArH„ >ArH Q 

AlCi 3 

30 where Ar, R, n and m arc as above. Again the disadvantages of the previous process 30 
occur. 

Finally, the ring alkylated aromatic compounds may be prepared , in a known 
single stage by reacting the aromatic compounds at a temperature of about 220 C C. 
with an alcohol and the potassium salt of the alcohol according to the following 
35 reaction sequence 35 

ROK, ROH 

ArH u >ArH n . lu R 111 

220°C. 

where Ar, R, n and.rn are as above. This process, however, needs high pressure, is 
only applicable to very reactive compounds such as pyrroles and /?-naphthol, and the 
latier is only mono-methylated. Further labile groups such as ethoxy carbonyl and 

40 acetyl are usually split off such as fcr instance in the cases of pyrroles due to the 40 
high temperature used in the process. 

In summary therefore, all the heretofore known processes arc subject to sub- 
stantial disadvantages in their applicability to the alkylation of aromatic compounds 
and many involve two stage procedures with isolation of the intermediate and those 

45 which do not are frequently accompanied by isomcrization. The known one stage pro- 45 
cess which avoids these disadvantages, alkylation with an alcohol and its potassium 
salt under pressure at about 220 C C. is enly- applicable to very reactive aromatic com- 
pounds. 

The present invention provides a process for the ring alkylation of aromatic com- 
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pounds such as benzenes, phenols and pyrroles in which the intermediates arc not 
isolated but are reduced as formed or by a continuation of the conditions under 
which they arc formed. As a result, very reactive intermediates are reduced rather 
than being converted into tars and any starting material regenerated by reduction 
of the intermediates, and any partially alkylated products are automatically recycled 5 
to ensure complete alkylation. 

According to the present invention, therefore, there is provided a method of 
introducing a substituted or unsubstituted alkyl or cycloalkyl group (herein referred 
. to as "alkyl group") onto at least one ring carbon atom of an alkylatable aromatic 
compound which comprises reacting the aromatic compound with an aldehyde or 10 
ketone, or a compound generating an aldehyde or ketone under the reaction conditions 
(herein referred to as "carbonyl compound") in the presence of strong inorganic acid, 
condensing agent and a reducing agent, the aromatic compound and the aldehyde or 
ketone, or compound generating the aldehyde or ketone, being stable (as herein dc- 
15 fined) under the reaction conditions and the aromatic compound having at least one 15 
ring carbon atom having replaceable hydrogen or bearing a substituent removable 
under the reaction conditions to yield a replaceable hydrogen atom whereby to form 
with the aldehyde or ketone, or compound generating the aldehyde or ketone under 
the reaction conditions an intermediate which is reduced to an alkyl or cycloalkyl 
20 derivative of the aromatic compound. * 20 

Thus, according to the present invention the reducing agent is present from 
the start of the reaction and thus, the intermediate condensation products of the car- 
bonyl compound with the aromatic compounds arc automatically reduced, rather than 
going to tars. This has the advantage that is not necessary to isolate the intermediate, 
25 i.e., the products of the condensation, prior to their reduction which is frequently 25 
unworkable because the intermediates are undoubtedly various, often mixtures, and 
sometimes unstable. Again as the groupings on the aromatic ring formed by the con- 
densation reaction arc reduced to alkyl groups, while conditions permitting further 
condensations arc maintained, this allows for poly-substitution of the ring for alkvl 
30 groups active the ring and thus facilitate further condensation. Further, ft has been 30 
found that alkylation can be carried out with the process of the present invention 
even when the first stage of the reaction, e.g., chloromcthylauon, has heretofore failed 
because the intermediate product is so reactive that it normally goes to tar etc., the 
simultaneous presence of the acid condensing agent and the reducing agent apparently 
35 stabilizing the intermediate until it is reduced. Thus even reactive aromatic compounds 35 
do not revert co tars before the groupings arc reduced. Finally, as will be readily seen 
where the intermediate upon being reduced forms a mixture of the final product and 
the starting material then the starting material is automatically present for further 
reaction with the carbonyl compound to reform the intermediate and thus there is 
40 automatic recycling of the reacted starting material; It is therefore possible by means 40 
of the process of the present invention to achieve substantially complete conversion. 
Thus, as both the condensation and the reduction can proceed throughout, any re- 
. duction product which is not the product desired e.g. the regenerated rcactant aro- 
matic compound or a partially alkylated aromatic compound is automatically recycled 
45 to the process for further condensation with the carbonyl compound and reduction of 45 
the condensation product. 

The process of the present invention is applicable to and has advantage with 
inter alia the following reaction mechanisms which arc illustrated using hydriodic 
acid as the acidic condensating agent and the reducing agent and in which Ar is an 
aryl group and R is an alky! group 50 



(i) 

HI reduction 

ArH + R.,CO vArCRT ^ArCHR,: 

condensate HI 

In the above monoalkylation reaction (I) the process of the present invention 
has the advantage of eliminating the isolation of the intermediate and is much more 
convenient than the conventional two stage process. Further the process of the pre- 
sent invention has the particular advantage that it can operate even with the forma- 55 
tion of intermediate product which were in the conventional two stasc process unstahlc 
to an extent that the conventional two stage process was inoperable. 
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(") 

HI HI 

2ArH+R 2 CO ■ >Ar c CR, ->ArCHR, + ArH 

condensate reduction 

In the above monoalkylation reaction (II) in addition to the advantages with 
reaction (I) the process of the present invention also recycles the regenerated aromatic 
compound ArH for subsequent condensation and thus obtain complete monoalkyla- 
tion. This cannot be achieved in the conventional two stage process. This feature 
is particularly advantageous as there is no way of knowing a priori whether, on mono- 
alkylation, the intermediate condensate product will be as in reaction (I) or reaction 
(II). 

(in) 

ArH n — >Ar(CHR 2 ) D 

In this complete polyalkylation reaction (III) the partially alkylated products 
arc automatically recycled for further condensation and reduction until complete poly- 
alkylation is achieved. Thus the advantages of the process of the present invention 
in respect to reaction (II) also accrue to the process of the present invention in re- 
spect of reaction (III). Further, the reduced groups — CHR 2 such as — CH :v and 
CH-Cl facilitate the introduction of further substituents, e.g. CIR. during condensa- 
tion and thus aid in completing the polyalkylation. On the other hand unreduced sub- 
stituents e.g. CIR_> retard introduction of further such substituents and thus in the 
conventional two stage process it is only possible to introduce a limited number of 
alkyl groups, ino . the ring per cycle. 

In particular, therefore, by appropriate choice of reagent quantities, the process 
of the present invention the condensation and reduction stages can be made repeat 
until all the replaceable hydrogen in the aromatic nucleus is replaced by alkyl groups 
whether or not they have been reformed by the reduction stage. 

It is essential for the process of the present invention that both the aromatic 
compound and the carbonyl compounds arc stable under the reaction condition. By 
"stable" is meant herein condensation takes place before any undesirable changes take 
place in the rcactant compounds, e.g. before the reactant compounds undergo ring 
opening or general decomposition and as the reaction conditions involve acidic condi- 
tions, it is generally desirable that the compounds should be stable under acidic con- 
ditions. Further ir is necessary that the aromatic compound and carbonyl compound 
be reactive enough to condense and in particular for the aromatic compound to have 
one or more ring carbon atoms having replaceable hydrogen atoms so as to be reactive 
with, the carbonyl compound under the reaction conditions to form the intermediate. 
However, the aromatic compound may have present groups such as certain acyl, 
halogen, carbcthoxy and carboxy groups which are automatically removed under the 
reaction conditions such as elevated temperature, thus generating the aromatic com- 
pounds having replacement hydrogen atoms in situ during the reaction. Further the 
aromatic compound must form with the carbonyl compound a reducible condensation 
intermediate compound as it is essential to the reaction that there be reduction of the 
intermediate. Suitable aromatic compounds therefore, include heterocyclic aromatic 
compounds which arc live mcmbered ring compounds containing nitrogen in the 
ring and in particular derivatives of pyrrole as well as six membercd carbocyclic 
compounds including benzene and derivatives thereof. Thus, in particular, the hetero- 
cyclic aromatic compound may be pyrrole substituted by at least one and preferably 
two methyl groups with or without acetayl groups and/or carbethoxy groups. The 
The carboxy, carbethoxy or acetyl groups are removable from the pyrrole derivative 
at elevated temperatures above about 100°C. and if it is desired to substitute the 
positions normally held by these groups by alkyl groups then the reaction may be 
conducted at the elevated temperature necessary to remove these groups. Particular 
pyrrole derivatives which may . be mentioned as alkylatable by the method of the 
present invention include 2,4 - dimethyl - 5 - carbethoxy pyrrole, 2,4 - dimethyl- 
3,5 - dicarbethoxy pyrrole, 2 - methyl - 3 carbethoxy pyrrole, 2,4 - dimethyl - 3- 
acctyl pyrrole, 2 - carbethoxy - 3 - methyl - pyrrole, 2 - methvl - 5 - carbethoxy 
pyrrole, 2,3 - dimethyl - 5 - carbethoxy pyrrole, 2,4 - dimethyl - 3 - bromo - 5- 
carbcthoxy pyrrole, 3 - ethyl - 4 - methyl - 5 - carbethoxy pyrrole, 3 - methyl - 4- 
carbethoxy pyrrole, 2.5 - dimethyl - 3 - carbethoxy pyrrole, 2 - methyl - 3,5 - di- 
carbethoxy pyrrole, 3 - methyl - 2,5 - dicarbethoxy pyrrole, 2.3 - dimethyl - 5 - car- 
bethoxy pyrrole, 2,3 - dimethyl pyrrole, 2,5-dimethyl pyrrole, 2 - methyl - 5 - car- 
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boxy pyrrole - 4 - propionic acid diethyl ester and 2,4 - dimethyl pyrrole. Suitable 
carbocyclic six membered aromatic compounds which may be mentioned include 
benzene, or benzene substituted by at least one hydroxy, methyl or chlorine group 
and in particular there may be mentioned benzene, xylenes, phenols, tetrahydro- 

5 naphthalene or dichlorobenzenes. 5 
The carbonyl compounds reacted with the aromatic compound are aldehydes 
and ketones and these may suitably have the formula R 3 COR 4 wherein R 3 is hydro- 
gen or an aliphatic grouping and R 4 is hydrogen or an aliphatic or aromatic group- 
ing. In particular R 1 may be hydrogen or an alkyl or carboxyl group and R 4 is hydro- 

10 gen or an alkyl group or R 3 and R l together may form with the carbon atom to 10 
"which there are attached a cydoalkylidene group. Thus, R 3 is suitably methyl, ethyl, 
isobutyl, tcrt-butyl, carboxyl, .tf-carboxycthyl, /?-accrvIethyl, /?-amino-ethyl or hydro- 
gen, R l is hydrogen, methyl, ethyl or 3-aceryl-4-mcthyl-5-carbethoxypyrr>-I-2- or 
R a and R 1 together with the carbon atom to which they are attached form a cyclo- 

15 . hexylidcnc group. Particular carbonyl compounds which may be mentioned include 15 
formaldehyde, acetaldchydc, propionaldehyde, n-butyraldchydc, isobutyraldehyde, par- 
aldehyde, hcptaldehyde, laurvlaldehyc, stearalehydc, amino-acctaldehyde, acetone, di- 
ethyl-ketone, isobutyl-mcthyl ketone, 3-pcntancne, cyclopentanone, cyclchexanone, 
pyruvic acid, levulinic acid, glyoxylic acid, benzaldchyde, acetophenone, chloroacctonc, 

20 2,5-hcxanc dicne and 2-formyl-3-acetyl-4-mcthyI-5-carbethoxy-pyrroIe. The form- 20 
aldehyde and acctaldchydc arc desirably generated in situ during die course of the 
reaction frcm para-formaldehyde and paraldehyde initially added to the reaction mix- 
ture. Other compounds generating the carbonyl compounds include acctals such as 
dimethyl acctal and 2-biphcnvl-carboxaldchydc diethyl acctal and a trimcr of stcar- 

25 aldehyde.. ■ • ' 25 

The condensing agent used in the process of the present invention is an acid such 
as hydriodic acid, hydrobromic acid, sulfuric acid, hydrochloric acid. The condensa- 
tion is usually carried out in the presence of a solvent which may also be acidic such 
as acetic acid and particular condensing agent/solvent systems which may be men- 

30 tioncd include hydriodic acid, hydrogen iodide in acetic acid, hydrogen iodide in 30 
heptane, hydrogen bromide in acetic acid, hydrogen chloride in acetic acid and sul- 
furic acid in acetic acid. 

In the process of the present invention any reducing system which is compatible 
with the condensing agent and capable of reducing die intermediate to the final alky- 

35 lated product may be used and typical reducing agents which may be mentioned 35 
include hydrogen iodide solutions, zinc, 2inc amalgam or stannous bromide or chloride. 
In conjunction with the hydrogen iodide there may be present red phosphorous, phos- 
phonium iodide or hypophosphorcus acid which prolong the usefulness of the reduc- 
ing agent by reconverting the iodine formed during the reduction back to hydrogen 

40 iodide. It will be readily seen that hydriodic acid being both a reducing agent and 40 
an acid may serve both purposes in the process of the present invention, i.e. the reaction 
of the carbonyl compound with the aromatic compound may be effected in hydriodic 
acid alone. 

The precise conditions of reaction are not critical and depend primarily upon 
45 the rcactant. carbonyl compound and rcactant aromatic compound and as such the 45 
reaction may be conducted at elevated or normal temperature and usuallv under at- 
mospheric pressure. However, in some cases carbethoxy groups can be either retained 
on the ring by alkylation at lower temperatures or split off and replaced by alkyl 
groups by alkylating at higher temperatures. The reaction may be conducted in the 
50 presence or absence of a solvent as is convenient but is normally conducted in the 50 
presence of a solvent such as acetic acid. 

The present invention will be further illustrated by way of the following Ex- 
amples in which the aqueous hydriodic acid used had a density of about 1.94, had been 
decolourized with phosphonium iodide and when the temperature of the reaction is 
55 not indicated there was a rise to 30 or 40 C C. consequent on the use cf magnetic stir- 55 
ring. Melting points are corrected and the nmr spectra of all the products" were con- 
sistent with the structures assigned, the Beilstcin tests for halogen were negative, and 
the pyrroles gave positive Ehrlich reactions hot . 
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Example 1 

Preparation of Hcxamcthylbcnzenc from Benzene 
H Aft 

Hf^f CH 2 0,HlinAcOH ^ Mef\Me 
hK^JH thenH 3 P0 9t Ac 7 0 Me\jMe 
H U5 S * Me 

Hydrogen iodide in acetic acid (20 ml, density 1.6, about 50%). 3 g of para- 
5 formaldehyde and 1 ml of benzene were stirred at 20°C for 18 hours in a stoppered 5 
flask, then heated for IS hrs at 90°C. under a reflux condenser. The mixture was 
cooled, 5 ml of 50% hypophosphorous acid and 20 ml of acetic anhydride were 
added, and heating continued for 4 hrs at 110°C It was again cooled, 5 ml of hypo- 
phosphoruos acid added, and again heated for 18 hrs at 115°C The mixture was 
10 cooled somewhat, decolorized with hypophosphorous acid, and poured into water. The 10 
solid which separated was dried, boiicd with 10 ml of pyridine, recovered by pour- 
ing the mixture into water, ground and washed with 20 ml of methanol, dried, sub- 
limed (about 1GG°C. C.l mm), and crystallized from 25 ml of methanol as colour- 
less plates (5S9 mgj, m.p. 165 — 166.5°C (lit 1 166.6°) after changing to needles or 
15 prisms at ca 105 °C. and to plates at ca 145 °C A further 45 mg were obtained from Id 
the mcthanolic mother liquor (total 635 mg, 35%). No aromatic protons were apparent 
in the nmr spectrum when the intensitv was increased 100 times. Anal. Calc. for 
C t -.H M : C S8.32; H, 11. IS. Found: C, SS.63; H, 11.10. 
I. II. A. Smith and E. I\ H. Pennckamp, J. Am. Chcm. Soc, 67, 279 (1945). 

20 Example 2 20 

Preparation of Hexameihyl benzene from p-xylcne 

Me Me 
h ch 2 o, aq;m. Ac 2 o ^ Me ^y Me 



HKJ" then H,P0' t 115° Me\jMe 
Me . Me 

Hcxamcthylbcnzenc was obtained similarly, but more conveniently and in S2 r r 
yield, from p-xylenc (1 ml), 10 ml of aqueous hydriodic acid, 40 ml of acetic an- 
25 hydride and 2 g of paraformaldehyde, at 90°C. then at the boiling point of the mix- 25 
turc. 

Example 3 

Preparation of Pentamcthylphcnol from Phenol 



OH QJI 
hK^Jh Ac 0H .95° ~ Afek^Afi? 



HjPQt Me 

30 To phenol (4.C6 g) in acetic acid (40 ml) was added hydriodic acid (43 ml) 30 

and paraformaldehyde (6.47 g). The mixture was kept at 95 C C. under nitrogen and 
stirred for six hours, adding 50% hypophosphorus acid periodically to decolourize 
it. Ammonium hydroxide was then added dropwise to the cooled (0 C C.) an stirred 
solution until it was basic (prwS). The product was extracted with ether (3X30 

35 ml), which was dried over anhydrous magnesium sulfate, filtered, and then removed 35 
in vacuo to leave the crude product (2.1 «). Several recrystailizations from n-hexane 
gave the product, 1.64 g (25%), m.p. ^127 — 129°C. ("lit. 3 125 °C). The infrared 
spectrum had the hvdroxvl absorption at 3625 cnv\ 

Analysis: Calc. for'C M H„0: S0.44; II, 9.83; mol. wt. 164. Found: C, SO. 12; H, 
40 9.91; mol. wt. 160 (vap. press), 164 (Mass spec). 40 
2. A. W. Hofmann, Berichte, 18, 1S26 (1885). 
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Example 4 

Preparation of 2,3,4-Trimethyl-5-carbethoxy-pyrrole 

— \ H H 2 CQ,aq.HI Men — 
mcoKJue -ZjfM - EtOCoKjMe 

I I" 

2,4-DimethyI-5-carbethoxy-pyrroIe (0.S3 g), acetic acid (10 ml), hydriodic acid 
(10 ml) and paraformaldehyde (0.60 g) were stirred three hours at 25°C. under nitro- 
gen. Hypophosphorous acid (50%, about 1 ml) was added, dropwise to decolourize 
the solution. The cooled solution (O.C.) was made basic with ammonium hydroxide 
and the product was extracted with ether (2x20 ml). The extract was dried over mag- 
nesium sulfate, filtered, and the ether removed in a rotating evaporator at 20°C. 
Rccrystallization of the residue from benzene gave the product, 0.58 e (647c), m.p. 
125— 126°C (lit J m.p. 126°Q. . 

Analysis, Calc. for C M1 H l5 0 ? N: C, 66.27; H, 8.34; N, 7.73 Found: C, 66.35; H, 
8.18; N, 7.90. 

3. H. Fischer and B. Wallach, Annalen der Chemic, 450, 125 (1926). 

Example 5 
Preparation of Tctramcthyipyrrole 



Me \\ — il* W K M — lAfc 

■V -w- *Q* 



H 



N 

H 



2,4-Dimethyl-5-carbethoxy-pyrroIe (1.64 g), acetic acid (25 ml.), aqueous 
hydriodic acid (25 ml.) and paraformaldehyde (0.589 g), were heated at 95 — 100°C. 
for three hours under nitrogen with stirring. The work up was the same as that of 
2,3,4-trimethyI-5-carbethoxy-pyrroie in Example 4 except that 2x75 ml of ether 
was used and care was taken to avoid exposure of the product to air. It was purified 
by distillation (10 mm, 60°C) to give 0.628 g (52%), m.p. 106— 103°C. (lit 1 m.p. 
Ill— 112°C). v 

Anal., Calc. for C.H^N: C, 77.99; H, 10.64; N, 11.37. 
Found: C, 77.88; H, 10.51; N, 11.22. 

4. H. Fischer and E. Bartholomaus, 2. physiol. Chcm., 80, 10 (1912). 

Example 6 

Preparation of 2,5-Dimcthy!-3-accfy]-5-n-propyl-pyrrolc 



Mer — fOMe £tCH0 9 3Q.H1 Me — C0Me 



ffl^jMe AcOH ' EtCH XJ 



0 2 J 

H H 



Me 



2,4-Dimethyl-3-acetyl-pyrrole (1.02 g), acetic acid (15 ml.), aqueous hvdriodic 
acid (25 ml.) and propionaldehyde (1.74 g), were stirred at 25°C. three hours under 
nitrogen. The work up was the same as that of 2,3,4-trimcthyl-5-carbethoxy^pvrrolc in 
Example 4 except that 2X50 ml ether were used." Rccrystallization from 'benzene 
gave the product 0.786 g (59%) m.p. 157— 158°C 

Anal. Calc. for C n H 1; ON: C, 73.70; H, 9.56; N. 7.S1 ; 
Found : C, 73.73; H, 9.39; N, 7.79. 



( 
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Preparation of 2,4-Dimethyl-3-acetyl-5-isopropyl-pyrr.ole 



Mer. *C0Me Me 2 C0. HBr in AcOH Me ^—^ C 0Me 

H H 

Anhydrous stannous bromide (5 g) was stirred to solution in 20 ml of hydrogen 
5 bromide in acetic acid (30—32%). 2,4-Dimethyl-3-acetyl-pyrroIe (548 mg) was 5 
added and the mixture was warmed to dissolve this, then cooled to 30°C Acetone 
(0.6 ml) was added and the solution was stirred at 35°C. for 2-1/2 hrs then poured 
into water at 10°C The product was separated and washed with dilute hydrochloric 
acid then with water. It formed colourless micro-prisms (549 mg, 77 %), m.p. 166— 
10 167°C. or 173— 174.5°C after changing to cubes at about 136°C For analysis tt 10 
was recrystallized from aqueous ethanol as prismatic rods, m.p. 172°C 
Caic. for QiH^NO: C, 7370; H, 9.56; N, 7.81. 
Found: C, 73.92; H, 9.23; N, 7.88. 

Example 8 

15 Preparation of 2,4-Dimethyl-3-acctyl-5-isopropyl pyrrole 15 

Men — *C0Me Me 2 C0.aq.Hl,H 3 P0 2 Me C0Me 
HKJte Ac 2 0 MeXH\jMe 

H H 

Aqueous hydriodic acid (10 ml) and 2 ml of 50% hypophosphorous acid were 
cooled and stirred while 10 ml of acetic anhydride was slowly added. 2,4-DimethyI- 
3-acetyl-pyrrolc (548 mg) was dissolved in the solution, 0.6 ml of acetone added, 

20 and the mixture was stirred for 1/2 hr. by which time a yellow precipitate had 20 
formed and redissolved and the solution had turned yellow; the final temperature was 
37°C. It was poured into 100 ml of water and 30 ml of ammonium hydroxide kept 
at 20°C. The nearly colourless product separated as plates (662 mg, 92%). At 138°C. 
these changed to cubes which either melted at 165 °C. or turned to irregular needles 

25 m.p. 171 — 173°C For analysis, it was recrystallized from aqueous ethanol as colour- 25 
less plates, m.p. 165 .5°C or 171.5— 173°C. 
Anal. Found :. C, 73.59; H, 9.48; N, 7.76. 

Example 9 

Preparation of 2 5 4-Dimethyl-3-acety 1-5 -benzyl-pyrrole 



30 



Me f 1l C0Me C B H 5' CH0 ' Z( l' HI r Me \\ f 0Me 



H H 



A solution of 10 ml of aqueous hydriodic acid, 10 ml of acetic anhydride and 
2 ml of . 50% hypophosphorous acid containing 548 mg of 2,4-dimethyl- 3 -acetyl 
pyrrole was stirred magnetically while a solution of 0.6 ml of benzaldehyde in 5 ml 
of acetic anhydride was slowly added over 20 mins. The solution was stirred for 10. 
35 mins, then poured into water. The crude product which separated was recrystallized 35 
from acetone (thimble) as nearly colourless irregular plates (85%) m.p. 165.5 — 
167°C. after a partial change to prismatic rods above 165°C Anal. Cal. for 
C„H i: NO: C, 79.26; H, 7.54; N, 6.16. Found: C, 79.22; H, 7.50; N, 6.18. 
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Example 10 

Preparation of 2,4-Dimethyl-3-aceryl-5-(ct-methyKbenzyl)-pyrTdle 

Me li l C0Me W 0Me - 3 <l NI ru Men »C0Me 

N 2 3 2 Me A" n 

A solution of 0.6 ml of acetophcnonc in 5 ml of acetic anhydride was slowly 
5 added to a stirred mixture of 10 ml of aqueous hydriodic acid, 10 ml of acetic an- 5 

hydride and 2 ml of hypophosphorous acid containing 54S mg of 2,4-dimethyl-3- 
aceryl pyrrole. The mixture was allowed to stand for two days at room temperature 
then poured into water. The crude product which separated was recrystallized from 
acetone (thimble) as nearly colourless rhombic plates (75%), m.p. 146 — 148,5°C. 
10 Anal. Calc. for C lh H ln NO: C, 79.63; H, 7.94; N, 5.80. Found: C, 79.47; H, 7.78; 10 
N, 5.79. 

Example 11 
2,4-Dimethyl-3-acctyl-5-cyclohexyl-pyrrolc 



15 A solution of 10 ml of aqueous hydriodic acid, 10 ml of acetic anhydride and 15 

2 ml of 50% hypophosphorous acid was stirred magnetically at 40°C. while 54 S 
mg of 2,4-dimethyl-3-acetyl-pyrrole were dissolved in it, 0.5 ml of cyclohexanone was 
then added, and an additional 0.5 ml of cyclohexanone was added after a few minutes. 
The solution was stirred at 40°C. for 1-1/2 hrs. then poured into water. The crude 

20 product which separated, m.p. 186— 188°C. was recrystallized from cthanol as colour- 20 
less rhombic prisms (82%), m.p. 188.5— 189°C. after changing to flat prisms above 
153°C. 

Anal. Calc. for Q.H^NO : C, 76.66; H, 9.65; N, 6.39. 
Found : C, 76.49; H, 9.50; N,.6.30. 

25 Example 12 25 

2,4-Dimeihyl-3-acctyl-5-(l-carboxy-ethyl;-pyrroie 



Up m Up CtyOCOQH, AO. HI 

HKjMe H 3 P0 2 H00C-CH\jMe 

S Me g 



A solution of 548 mg. of 2, 4 Hdimc thy 1-3 -acetyl -pyrrole in 10 ml of hydriodic 
acid and 2 ml of 50% hypophosphorous acid was treated with 0.4 ml of pyruvic acid 

30 and stirred for 10 min, when yellow crystals separated. After standing for 2 days at 30 
0°C. the crystals were separated, dried and slurried with 5 ml of water. The resi'/ing 
colourless product was separated, washed with water, dried and recrystallized from 
ether (thimble) as pale yellow plates (46%), m.p. 156 — 158 C C. (dec). 
Anal. Calc. for C :i H Ift N0 3 : C, 63.14; H, 7.23; N, 6.69; eq. wt. 2C9. ■ 

35 Found: C, 63.11; H, 6.98; N, 6.80; eq. wt. 207. 35 
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Example 13 

3,4,5 'Trimethyl-4,3'-diacetyl-5'-carbethoxy-dipyrryl methane 



Ate — cOMe Merr-^COMe qHIMO Men — fMMerr—fOMe 
EtOck^CHO + HKjMe J %^M»Uk XjMe 

H H H H 



Hydriodic acid (10 ml) was stirred and cooled while 10 ml of acetic anhydride 
5 were added slowly. Hypophosphorous acid (2 ml., 50%) and 548 mg of 2,4-dimcthyl- 5 
3-acetyl-pyrrole were added and the mixture was stirred at room temperature until 
the latter dissolved. 2-Formyl-3-acetyl-4-methyl-5-carbethoxy-pyrrole (892 mg) was 
added and the mixture was stirred at 40 — 45 °C. for two hours, then poured into 
150 ml of water. The precipitate was separated, dried, slurried and filtered with 15 
10. ml of ethanol, dried, and extracted into 40 ml of acetone (thimble). The product (781 10 
mg) crystallized from the acetone as colourless plates, m.p. 209— 212°C. (lit'' 210°), 
and concentrating the acetone gave a further 219 mg (total, 73%)- The X-ray powder 
photograph and the nmr spectrum were identical with those of authentic material pre- 
pared according to Schlesinger ct aP, for which wc found the m.p. to be 210— 213°C. 
15 the mixed mp. was 209— 213°C 15 
Anal. Calc. for C M H 2( O v N,: Q 66.26; H, 7.02; N, S.13; OEt, 13.08. 
Found: C, 66.11; H, 7.23; N, 8.18; OEt, 12.97. 

5. W. Schlesinger, A.H. Corwin and L. J. Sargent, J. Am. Chem. Soc, 72, 2871 
(1950). 

20 Example 14 20 

. 2,4-Dimethyl-3-iso-butyl-5-carbocthoxy-pyrroIc 



ZtwKJMe ACz0an/Hg - EtOCoKjMe 2 
» H 



Acetic anhydride (20 ml) was slowly added to 5 ml of concentrated hydrochloric 
acid with stirring and cooling and 668 mg of 2,4-dimethyl-5-carbethoxy -pyrrole were 

25 dissolved in the resulting solution. Amalgamated zinc (10 gm, 20 mesh) and 0.75 25 
ml of iso-butyraldehyde were then added at 20°, and the mixture was stirred for 15 
minutes at 20 — 25 °G. The zinc was separated, washed with acetic acid, and the 
liquids were poured into water to precipitate the crude product. It was dried and 
extracted into pentane (thimble), the pentanc was evaporated, and the residue was 

30 recrystallized from aqueous ethanol (13 ml of 55%) as colourless needles (6S1 mg), 30 
m.p. 115— 117°C (lit*, 116— 117°C) after changing to fine needles at about 112°C. 
and to plates at about 115°C. A further 51 mg were obtained from the mother liquors 
(total 732 mg, 82%). The nmr spectrum and the X-ray powder photograph were 
identical with those of authentic material, and the mixed m.p. was 115 — 117°C. 

35 Anal. Calc. for C l3 H, : NO. : C, 69.92; H, 9.48; N, 6.27. 35 
Found: C, 70.08; H, 9.67; N, 6.25. 

6. J. L. Archibald, D. M. Walker, K. B. Shaw, A. Markovac and S. F. MacDonald, 
Canad. J. Chem., 44, 345 (1966). 

Example 15 

40 2,4-Dimethyl-3-acetyl-5-neopentyl-pyrrole 40 



H H 
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2,4-Dimethyl-3-acetyl-pyrrole (548 mg) was warmed to solution in a mixture 
of 10 ml of aqueous hydriodic acid, 10 ml of acetic anhydride and 2 mi of hypo- 
phosphorous acid. The solution was. cooled to 35°C. and 0.85 ml of pivalaldehyde 
were added. The solution was surred for ten minutes, by which time the initially dark 
brown color had changed to yellow, then poured into 125 ml of water. The product 
separated as a colourless powder (769 mg, 93%), m.p. 156— 163°C For analysis, 
it was recrystallized from ether-pentane, sublimed at 115°C (10-* mm), and again 
rccrystallized by extraction into hexane (thimble) as long colourless plates, m.p. 
166— 167°C after changing to prisms below 130°C Anal Calc. for C l3 H u NO: C, 
75.31; H, 10.21; N, 6.76. Found: C, 75.13; H, 10.30; N, 6.58. 

Example 16 

2 ) 4-Dimcthyl-3-acctyl-5-(4rmethyl-2-pentyl)-pyrrole - 

Me \\ fi CH 3 Me 9 CHCHX0CH v AQH! He* flMe 

* aLo ' MepCHfHMe)KJMe 

H 1 H 

Methyl-isobutylketone (1.1 ml) was added to a solution of 548 mg of 2-4-di- 
mcthyI-3-acetyl-pyrrole in aq. hydriodic acid (10 ml), acetic anhydride (10 ml) and 
hypophosphorous acid (2 ml). The solution was stirred for four hours; then poured 
into a mixture of 150 ml of water and 30 ml of ammonium hydroxide. The product 
separated as tiny colourless prisms, m.p. 142— 143°C. some changing to plates at 
120°C. Anal. Calc. for C tl H^NO: C, 75.97; H, 10.47; N, 6.33. Found: C, 75.81; 
Hj 10.37; N, 6.38. 



Example 17 
2,4-Dimcthyl-3-acetyI-5-(3-pentyl)-pyrroie 



ftkjfjMe Ac 2 0 Etp\ N M 3 

H » 

3-Pcntanonc (0.85 ml) was added to a solution of 548 mg of 2,4-dimethyI-3- 
acetyl-pyrrolc, in 10 ml of aq. hydriodic acid, 10 ml of acetic anhydride and 2 ml of 
hypophosphorous acid. The. solution was stirred for 1-3/4 hours then poured into 200 
ml of water to precipitate the product as tiny nearly colourless prisms (651 mg, 79%) 
m.p. about 186 — 189°C. For analysis it was recrystallized from ethanol as colourless 
plates, m.p. 18S.5 C C. after a solid phase change at 135°C. Anal. Calc. for C r H,NO: 
C, 75.31; H, 10.21; N 3 6.76. Found: C, 75.13; H, 1004; N, 6.7S. 

Example 18 
2,4-DimethyI-3-acetyl-pyrrole-5-(4-pentanoic) acid 



Me l f? m a 3 CKW00HMl Mer jfOOL 

'V* } A Jo' *"00C V ^ 
H H 

A solution of levulinic acid (0.6 ml) in 5 ml of acetic anhydride was slowly 
added to a solution of 548 mg of 2,4-dimethyl-3-aceryl-pyrrole in ayaeous hydriodic 
acid (10 ml), acetic anhydride and hypophosphorous acid (2 ml). The solution was 
stirred for twelve hours then the volatile solvents were removed in a vacuum desiccator 
over potassium hydroxide. Water (10 ml) was added to the residue to yield the pro- 
duct as an oil which soon solidified to salmon coloured prisms (742 mg), m.p. 177 

179°C. For analysis, it was recrystallized from acetone (thimble) as nearly colourless 
prisms, m.p. 177— 178°C. Anal. Calc. for C,,H M N0 2 : C, 65.80; H, S07; N, 5 90- 
eq. wt. 237. Found: C, 66.03; 8.20; 5.91; eq wt. 234. " " 
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Example 19 
2,5-Bis-(3,5-dinicthyl-4-acetyI-2-pyrryl)-hexanc 



*iCC^ c ma/ P coc^,A 9 .Hi 

fj AC 2 0 

MeCO—Me Me—>COMe 
Mk„J CH(Me)Cf/ 2 Cf/ 2 CH(Me)i^ Jine 
H u 



H 

2,5-Hexandione (1 ml) was added to a solution of 548 mg of 2,4-dimethyl-3- 
5 acetyl-pyrrole in 10 ml of aqueous hydriodic acid, 10 ml of acetic anhydride and 2 5 
ml of hypophosphorbus acid. The solution was stirred for 1-1/2 hours then poured 
into 150 ml of water to precipitate the nearly colourless product (442 mg), m.p. 
263 — 268°C. For analysis, it was twice recrystallized from acetone (thimbles) as a 
colourless crystalline powder, m.p. 275— 279°C. after changing to needles at 271°. 
10 Anal. Calc. for C, 2 H 32 N,0,: C, 74.12; H, 9.05; ,N, 7.86. Found: C, 74.01; H, 9.04; 10 
N, 7.94. 

It will be seen frcm the above Example that besides ring alkylation the use of 
dicarbonyl compounds such as 2,5-hexane dione makes if possible for the alkyl group 
to bridge two rings. 

15 Example 20 15 

2,4-d imethy 1-3 -acety 1-5 -ethyl-pyrrole 

Me \\ l°° Me paraldehyde, ag. HI Me* fOMe 

H H 

A solution of 2,4-dimethyl-3 -acetyl-pyrrole (548 mg) in 10 ml of aqueous 
hydriodic acid containing a little solid phosphonium iodide was cooled in an ice-salt 

20 bath. Paraldehyde (0.35 ml) was added and the solution was stirred for 4-1/2 hrs. 20 
without further cooling. The solution was then added to 100 ml of ice water to pre- 
cipitate the light brown product (385 mg, 58%), m.p. 153 — 160°C. For analysis, it 
was sublimed in vacuo then recvrystallized from ether (thimble) as grey needles, m.p. 
163°C. after changing to plates at 140°. Anal. Calc. for C I0 H, 5 O: C, 72,69; H, 

25 9.15; N, 8.48. Found: C, 72.67; H, 8.88; N, 8.69. 25 

Example 21 
2,4-DimcthyU3-acetyl-pyrrole-5-acetic acid 

Men *C0Me HOOC.CHOagHI ■ Men nCflWe 

HK N JMe ~ " HOOCC^jMe 

- H . H 

Glyoxalic acid monohydrate (500 mg) was added to a solution of 548 mg of 
30 2,4-dimethyl-3-acecyl-pyrrole in 10 ml of aqueous hydriodic acid and 2 ml of hypo- 30 
phosphorous acid. The solution was stirred for one hour at 15°C The yellow crystal- 
line solid was filtered off, washed with ether, dried, then slurried with 5 ml of water. 
The solid was again separated, washed with 5 ml of water, dried and extracted into 
40 ml of ether (thimble). When the ether solution was concentrated the produce 
35 separated as yellow prisms (550 mg), m.p. 195— 205 °C. For analysis, it was recrystal- 35 
lized by dissolving it in 40 parts of cold 50% aqueous acetone, boiling off the acetone, 
and cooling. It separated as nearly colourless prismatic rods, m.p. 206 — 210°C after 
changing to prisms at 155° and evolving gas at 175°; presumably it decarboxylated to 
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the 5-methyl derivative before melting. Anal. Calc. for C l0 Hi 3 NO a : C, 61.52; H, 
6.71; N, 7.18; eq. wt. 195. Found: C, 61.35; H, 6.90; N, 7.10; eq. wt. 197. 

Example 22 
2,4-Dtmethyl-3-aceryl-5-isopropy!-pyrroIe 

Me COM- Me 2 C0 9 H 2 S0 4 inAcOH Me^COMe, 5 
5 HK N M Zn ~ MepK^Me 



25 



H 



2,4-Dimethyl-3-acetyl-pyrrole (548 mg), 1 ml' of acetone and 10 gm of amal- . 
gamated zinc (20 mesh) were added to a solution of 1 ml of concentrated sulfuric 
was sublimed in vacuo then rccrystallized from ether (thimble) as grey needles, m.p. 
liquid was decanted from the zinc into 100 ml of water forming a solution from 

10 which the crude product separated at 15°C (174 mg, m.p. 164— 16?°C. after the 10 
usual solid phase changes). For analysis, it was extracted into ether (thimble) then re- 
crystallized from 3 ml of aqueous ethanol as nearly colourless elongated prisms, m.p. 
170— 172°C. (171—173° when mixed with the product of Example 8) after a solid 
phase change at 142°. Anal. Calc. for C u H 1 -NO: C, 73.70; H, 9.56; N, 7.S1. 

15 Found : C, 73.60; H, 9.40; N, 7.92. 15 

Example 23 
2,3,4,5-Tetramcthyl-pyrrolo 

Mir .COOEt HgCO^M'AcO/l Me Me 

aocoK^JMe 100° MeK^JMe 

H ' H 

2,4-Dimethyl-3,5-dicarbethoxy-pyrrole (2.4 g), acetic acid (35 ml) aq. hydriodic 
20 acid (35 ml) and paraformaldehyde (1.2 g) were heated at 100°C for four hours 20 
under a stream of nitrogen. The crude product was obtained as in Example 5 then 
distilled (15 mm, 65°C) to yield 0.44 g (36%), m.p. 107—109°. 

Example 24 
2,4,5-Trimethyl-3-acetyl-pyrrole 



Me, ,C0Me HfO.zqM ^ ^ 

HK^Me AcOH MeK N )Me 



H 



2,4-Dimethyl-3-acety!-pyrrolc (0.68 g), acetic acid (15 ml), aq. hydriodic acid 
(15 ml) and paraformaldehyde (0.6 g) were stirred for three hours under nitrogen at 
room temperature. The crude product was isolated as in Example 4 (2,3,4-trimethyl- 
5-carbethoxy-pyrrole) then crystallized from, benzene to yield 0.55 g (73%) of colour- 
30 less elongated prisms, m.p. 204— 207°C. (lit. 207° H. Fischer and W. Zerweck, 30 
Berichte 56, 523 (1923)), Anal. Calc. for QH^NO: C, 71.49; H, S.67; N, 9.26. 
Found: C, 71.29; H, 8.68; N, 9.3S. 

Example 25 
2,4,5 -Trimethyl-3-carbcthoxy-pyrTolc 

„ "ir aCOOEt HCO.aq.HIJCOH Mer. ,C00Et , s 
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2-Methyl-3-carbethoxy-pyrrole (0.99 g), acetic acid (15 ml), aq. hydriodic acid 
(20 ml) and paraformaldehyde (0.78 g) were stirred for three hours at room tempera- 
ture. The crude product was isolated as in Example 4 (2,3,4-trimethyl-5-carbethoxy- 
pyrrole) and sublimed (82°C, 4xl0~ 3 mm) as fine colourless needles (75%), m.p. 
5 103— 103.5°C. (lit. 104—105° L. Knorr and K. Hess, Berichte 44, 2762 (1911)).- 5 

Anal. Calc. for C lI( H l5 NO..: C, 66.27; H, 8.34; N, 7.73. Found: C, 66.35; H, 8.17; 
N, 7.88. 

Example 26 
5 ,6,7,8-Tetramethyl- 1 ,2,3,4-terrahydronaphthalene 




I J 17 SS^ '4001 



Me 

" w fc Me H 2 

1,2,3,4-Ttetrahydronapluhalene (1 ml) was added to a mixture of paraform- 
aldehyde (2 g), aq. hydriodic acid (10 ml) and acetic anhydride (40 ml). The mixture 
was then stirred and heated under reflux for 4-1/2 hr. at 90 — 100°C, then at ca 
116° for 5 hr. During the heating, the solution was prediocilally cooled to 60° and 

15 decolorized with hypophosphorous acid (total 7 ml). The warm solution was added to 15 
125 ml of water, the resulting mixture was cooled, and the crystalline crude product 
was separated. This was boiled for 5 min. with pyridine and the hot solution poured 
into boiling water (125 mi) containing 10 ml of acetic acid. The mixture was cooled 
and the product was separated, dried, sublimed (75°C, lxlO" 1 mm), and extracted 

20 into 20 ml of methanol. When the solution was concentrated then allowed to cool, 20 
925 mg of the product separated and a further 94 mg were obtained by concentrating 
the mother liquors. The product formed large colourless plates, m.p. SI. 5 — 82°C. 
(M. G. Klcctzcl, R. P. Dayton and H. L. Hcrzog report 79—79.5°. J. Am. Chcm. 
Soc. 72, 273 (1950)). Anal. Calc. for C,^ : C, 89.29; H, 10.71. Found: C, 89.43; 

25 H, 10.49. 25 

Example 27 . 

Preparation of hcxamethylbenzene from o-dichlorobenzcnc 

CI Me 

"f\ Ct Mef\Me 

H \J?H n- heptane Mek^jMe 

H Me 



A mixture of o-dichlorobenzcnc (1.47 g) aq. hydriodic acid (20 ml), paraform- 
30 aldehyde (2.4 g) and n-heptane (20 ml) was stirred by a "Vibro-Mischer" at 95°C 30 
(bath temp.) under reflux for 10 hours, decolorizing it periodically with phosphonium 
iodide. The heptane layer was then separated and washed with 20% aqueous pyridine 
(2x25 ml), with 1C% hydrochloric acid, and with water. It was then dried and the 
heptane was evaporated. The residue was recrystallized from pentanc as colourless 
35 crystals (621 mg, 3S%\ For analysis, it was sublimed (65°C, 1 X 10" 2 mm), m.p. 35 
164— 165°C. Found: Q 88.64; H, 11.31. ■ 

Example 28 

2,3,4,5-Tetramethyl-pyrrole from 2,4-dimethyl-3-acetyl-pyrrole 
2,4-Dimethyl-3-acetyl-pyrrole (1.58 g) in 25 ml of acetic acid was added in five 
40 portions during one hour to a stirred mixture of paraformaldehyde (2.07. g), aq. . 40 
hydriodic acid (25 ml) and hypophosphorous acid (3 ml) maintained at 115°C under 
nitrogen. The mixture was heated at 115°C. for a further three hours, and the crude 
product then isolated as in Example 4 above. Distillation (65°C 10 mm) gave 996 
mg (68%) of colourless crystals, m.p. 108— 110°C. Found: C, 77.74; H, 10.59; N, 
45 11.19. 45 
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Example 29 
Tetramethyl-pyrroie from 2,4-dimethyl-pyrrole 

MB [\ — l H N 2 C0,HI,AC0W(L Men nAte 

HK N M - 1 ^ MeK N )Me 

H H 

2,4-Dimethyl-pyrrole (2.06 g) in acetic acid (50 ml) was added over 2 h. to a 
5 stirred solution of paraformaldehyde (5.21 g) in hydriodic acid (75 ml), acetic acid 5 

(25 ml) and hypophosphorous acid (6 ml) at 105°C under nitrogen. The solution 
was heated 4 h. longer then brought to pH 9 with ammonium hydroxide at 0°C 
Isolated as in Example 5 and washed with a little pentane, the colourless product 
(0.996 g, 37%) melted at 107— 109°C The analytical sample, m.p. 109— 111°C, 
10 had been redistilled (60°, 8 mm). Anal. Found: Q 77.94; H, 10.56; N, 11.21. 10 

Example 30 
2,4-Dimethyl-3-acetyl-5-isobutyUpyrrole 

(a) 2,4-Dimethyl-3-acetyl-pyrrole (548 mg) was dissolved in hydriodic acid (10 
mi), acetic anhydride (10 ml) and hypophosphorous acid (2 ml). Isobutyraldehyde (0.75 

15 ml) was added and the solution was stirred for 35 min. No precipitate formed. Water 15 
precipitated a yellow iodine complex (864 mg), m.p. unsharp from 90°, Beilstein 
test for halogen positive. This was converted into the desired product by dissolving 
is in ethanol and adding ammonium hydroxide. For analysis it was recrystallized from 
aqueous ethanol, m.p. 152° after changing to smaller crystals at 125°. Anal. Calc. 

20 for C lC H l9 NO: C, 74.57; H, 9.91; N, 7.25. Found: C, 74.40; H, 9.73; N, 7.43. 20 

(b) When the above reaction was run in the presence of a little added phos- 
phonium iodide, the colour faded within 1 min. and after 5 min. water precipitated 
the colourless product (0.7 g, 91%). It melted at 150—152° (phase change at 125°) 
after being recrystallized from ethanol. 

25 Example 31 25 

2-Methyl-4,5-diethyl--3-carbethoxy-pyiTole 
A solution of 612 mg of 2-methyl-3-carbethoxy-pyrrole in 10 ml of hydriodic 
acid, 10 ml of acetic anhydride and 2 ml of hypophosphorous acid was stirred while 
0.35 ml of paraldehyde was dropped in. Stirring was continued for 1/2 h. and the 
30 solution was then poured into water. For analysis, the pale yellow micro- crystals which 30 
separated (0.45 g, 53%, m.p. 104—106°) were recrystallized from aqueous ethanol. 
Anal Calc. for C,,H n NO,: C, 68.86; H, 9.15; N, 6.67. Found: C, 68.73; H, 9.09; 
N,6.85. 

Example 32 

35 The preparation of 2,3,4-trimethyI-5-carbethoxy-pyrrole 35 



H \\ — i Me JWMJCOH Me* — n 



Me 

COOEt 

H 



A solution of 2-carbethoxy-3-methyl-pyrrole 11 (0.306 g, 2 miilimols) and paraform- 
aldehyde (0.3 g) in acetic acid (5 ml) hydriodic acid (5 ml) and hypophosphorous acid 
(1 ml) was stirred for 2 1/2 hrs at 25° then poured into water. The mixture was 
40 made alkyline with ammonium hydroxide and the product then separated, dried and 40 

recrystallized from ether-n-pentane as colourless needles (0.121 g); 33%), mp 127 

129° (lit 2 > m.p. 128°). Anal. Calc. for C u H l3 NO,: C, 66.27; H, 8.34; N, 7.73. 
Found : C, 66.09; H, 8.19; N, 7.79. 

" A. H. Corwin and J. L. Straughn, J. Amer. Chem. Soc, 70, 1416 (1948) 
45 H. Fischer and H. Orrh, "Chemic des Pyrols", Vol. 1, p. 239, Akadcmische, 45 

Leipzig 1934. 



( 
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Example 33 

The preparation of 2 ) 3,4-mmethyl-5-carbethoxy-pyrrole 

MeK H JC00Ei MeKffJcOOtt 
H H 

As in Example 32 but using 2-methyl-5-carbethoxy-pyrroIe a \ It formed colourless ■ • 
5 needles (50%), m.p. 127—129°. Anal. Found: C, 66.42; H, 8.40; N, 7.89. 5 

3) H. Fischer and H. Orth. loc. cit. p. 238. 

Example 34 

The preparation of 2,3,4-truTiethyl-5-carbethoxy-pyrrole 

M H — \ H ^ Me r~i Me 

MeK N JC005t MeKJcOOEC 

H . . H 

10 As in Example 32 but using 2,3-dimethyl-5-carbethoxy-pyrrolc °. It formed colour- 
less needles (72%), m.p. .127—129°. Anal. Found: C, 66.13; H, 8.41; N, 7.71. 

4) H. Fischer and H. Orth, loc. cit. p. 238. 

Example 35 

The preparation of 2,3,4-trimethyl-5-carbethoxy-pyrrole 



15 Br \\ \ Me _ Me f-I m 15 

MeK„JcO0Et MeKJcoOEt 

H H 

As in Example 32 but using 2,4-dimetiiyl-3-bromo-5-carbethoxy -pyrrole It formed 
colourless needles (60%). m.p. 126—127°. Anal. Found: C, 66.20; H, 8.30; N, 7.88. 
5) H. Fischer and H. Orth. -loc. cit. p. 92. 

20 Example 36 20 

The preparation of 2,4-dimethyl-3-ethyl-5-carbethoxy-pyrrole 



30 



Etn *Me H 2 CP t H!,AC0H • ^\r~l Me 

HkJcOOEt HP0„25 d ' MeKJcOOi 
H 52 H 



As in Example 32 but using 3-ethyl-4-mcthyl-5-carbcthoxy-pyrrolc *\ It formed 
colourless prisms (53%), m.p. 91 — 92°, 89— 90° when mixed with authentic material 
25 of m.p. 89—90° 7 \ Anal. Calc. for C n H l: NO>: C, 67.66; H, 8.78; N, 7.17. Found: 25 
C, 67.69; H, 8.72; N, 7.19. 

6) H. Fischer and H. Orth, loc, cit., p. 241. 

7) F. K. Sinaigo and H. Adkins, J. Amer. Chem. Soc, 58, 709 (1936). 

Example 37 

The preparation of 2,3-diethyl-4-methyl-5-carbetJioxy-pyrrolc 



£t K~l Me MeCHO.HI.ACQH EU — *Me 30 

HK N JC00Et MP0 25 0 ' EtK JcoOEt 

H 32 I 
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As in Example 32 but using 3-cthyM-methyl-5-carbeihoxy-pyrroIe and paraldehyde. 
Colourless prisms (64%), m.p. 71—73° (lit. "» 73—74°). Anal. Calc. for C r H l0 NO.: 
C, 68.86; H, 9.15; N, 6.67. Found: C, 68.71; H, 9.11; N, 6.84. 

8) S. F. MacDonald and A. Markovac, Canad. J. Chem., 43, 3247 (1965). 

5 Example 38 5 

2,4,5-Trimethyl-3-carbethoxy-pyrrole 

Mes-^pOEt .HMHI.ACOH Me, *C00Et 

H 

As in Example 32 but using 3-methyl-4-carbethoxy-pyrroIe r0 . The product (707;,) 
formed colourless needles, m.p. 103 — 105° unchanged on admixture with the product 
10 of Example 39 below. • . • iq 

9) H. Fischer and H. Orth, loc. cit. p. 246. 

Example 39 
2,4,5-Trimethyl-3-carbethoxy-pyrrolc 

H H 

15 As in Example 32 but using 2,4-dimethyl-3-carbethoxy-pyrrole 1 "\ It formed colour- 15 
less needles (67%). m.p. 102—104° (lit »' 104—105°). Anal. Found: C, 66.12; 
H, 8.46;- N, 7.85. 

10) H. Fischer and H. Orth, loc. cit., p. 247. 

11) H. Fischer and H. Orth, loc. cit., p. 248. 

20 . Example 40 20 

2,4,5-Trimcthyl-3-carbethoxy-pyrroIe 

* . H 

As in Example 32 but using 2,5-dimcthyl-3-carbethoxy-pyrroIc Colourless needles 
(70%), m.p. 103—105°. Anal. Found: C, 66.10; H, S.30; N, 7.81. 
25 12) H. Fischer and H. Orth, loc. cit., p. 247. 25 

Example 41 
2,4-Dimethyl-3,5-dicarbethoxy-pyrroIc 

tt00C~,H . EtOOC, ,Me 

Mek N JC0OEt .MeLjcoOEt 
» H 

As in Example 32 but using 2-methyl-3,5-dicarbethoxy-pyrrole 131 and stirring for 1/2 
30 hr then pouring the mixture (containing an insoluble labile complex of the product 30 

with iodine) into water. Colourless needles (70%), m.p. 135° (lit ,4) ) 136) from 

methanol, Anal. Calc. for C lU H i: N0 4 : C, 60.24; H, 7.16; N, 5.85. Found- C 

60.16, H, 7.10; N, 5.80. 

13) H. Fischer and H. Orth, loc. cit., p. 255. 
35 14) H. Fischer and H. Orth, loc. cit., p. 255. 35 
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Example 42 
3,4-DimethyI-2^-dicarbeihoxy-pyrrole 

EtmKJcooit EtoocKjcQott 

H H 

As in Example 32 but using 3-memyl-2,5-dicarbethoxy-pyrroie |M and stirring at 
5 45° for 3 hrs to redissolve a compound containing iodine which precipitated. It 5 
formed colourless crystals (45%) from n-pentane, m.p. 66—68°. Anal Calc. for 
C„H )7 N0 4 : Q 60.24; H, 7.16; N, 5.85. Found: C, 59.93; H, 7.21; N, 6.06. 
15) A. H. Corwin and J. L. Straughn, loc. cit. 

Example 43 

10 2,3-Dimcthyl-4-ethyl-5-orbethoxy-pyrrole 10 

Me* *H MeCHO.HIJCOH Men *Et 

Mek„JcO0Et H 3 P0 2> 25° ' MeK^JCOOEt 
(i H 

As in Example 32 but using 2,3-dimethyI-5-carbethoxy-pyrrole and paraldehyde. 
Colourless prisms (51%), m.p. 95—97° (lit >•» m.p. 97°). Anal. Calc. for dH^NO-: 
Q 67.66; H, 8.7S; N, 7.17. Found: C, 67.59; H, 8.79; N, 7.23. 
15 16) H. Fischer and H. Orth, loc. cit., p. 242. 15 

Example 44 
2 J 3-Dimeu t iyl-4-isoburyl-5-carbcthoxy-pyrrolc 

'*rn Me 2 CHCUO.HI,ACQH Men l CHXHM$ 9 

Mekf/JCOOEt upn a * • MikJcoOEt 

H 32 H 

As in example 32 but using 2,3-dimethyl-5-carbethoxy-pyrrole and isobutyraldehyde, 
20 pouring the mixture into water after 3 hrs and extracting the product from the alkaline 20 
mixture with ether. It was distilled (7C°, lXlO" 1 mm) and crystallized from pentane. 
as colourless prisms (45%), m.p. 109— 111° Anal. Calc. for C.,H M NO~: C, 69 92; 
H, 9.48; N, 6.27. Found: C, 70.23; H, 9.79; N, 6.27. 

Example 45 

25 2,3-Dimethyl-4-n-heptyl-5-carbethoxy-pyrrole 25 

Obtained as in Example 44 using' 2,3-dimethyl-5-carbethoxy-pyrrole and n- 
heptaldehyde, the product (b.p. 1C0°, 1 X 10- : ' mm) formed colourless crystals f47 n ;,V 
from pentane, m.p. 68—69°. Anal. Calc. for C.,H-NO.: C, 72.41, H, 10.26; N, 
5.28. Found: C, 72.23; H, 10.27; N, 5.15. . 

30 • Example 46 30 

2,3-Dimethyl-4-n-dodecyl-5-carbethoxy-pyrrole 
As in Example 32 but using 2,3-dimethyI-5-carbethoxy-pyrrolc and laurylalde- 
hyde and stirring for 3 hrs. It formed colourless prisms (35%), m.p 70—71° Anal 
Calc. for C.H^NO,: C, 75.17; H, 11.12; N, 4.18. Found: C, 75.08; H, 11.04; 
35 N, 4.30. 



35 



. Example 47 

2,3-DimethyW-n-octadecyl-5-carbethoxy-pyrrole 
Obtained as in Example 44 using 2,3-dimcthy[-5-carbethoxy-pyrrole and the 
trimer of stearaldehydc. The product (b.p. 145—150°, 1 X 1'fr 4 mm) formed colour- 
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less crystals (30%) from ether-n-pentane, m.p. 78 — 80°. Anal. Calc. for Q. T H ia NOj: 
C, 77.27; H, 11.77; N, 3.34. Found: C, 77.17; H, 11.68; N, 3.42. 

Example 48 
2,4-DirneihyI-5-cthyl-3-carbethoxy-pyrrole 



Mer. — *CQQtt MCHO.HI.ACoO Men — *C0OEt 

"V^* ILPtLHL/ ' 

H ■ to 4 H 



25° 



2,44)imcmyI-3-carbethoxy-pyrroIe (0.668 g) was dissolved in a mixture of hydriodic 
acid (10 ml), acetic anhydride (10 ml) and hypophosphorous acid (2 ml). Paraldehyde 
(0.75 ml) was added. The solution was stirred 5 min., decolorized with phosphonium 
iodide, and poured into ice water. The cooled mixture was brought to pH 8 with 

10 ammonium hydroxide. The product was filtered off and distilled (90 — 100°, 5x10"' 10. 
mm), giving colourless crystals (53%), m.p. 108—109° after changing to prisms 
at 105°. For analysis, it was recrystallized from hexane as prismatic rods, m.p. 
107—109° (lit 171 106—107°). Anal. Calc. for C u H i: NO,: C, 67.66; H, 8.78; N, 
7.17. Found: C, 67.31; H, 8.72; N, 7.08. 

15 17) L. Knorr and K. Hess, Chcm. Ber., 44, 2762 (1911); 45 2626, (1912), Note 1. 15 

Example 49 
2,5-Pimethyl-3-ethyI-4-carbethoxy-pyrrole 

"fl I mtt MtMO.HL ACOH ■ ffjj Mt 

MeK„jMe H/(L t 25° * . MeK N JMe 
H H 



As in Example 32 but using 2,5-dimcthyl-3-carbethoxy-pyrrolc and paraldehyde. 
Colourless crystals (75%), m.p. 105—107° (lit 13,1 106—107°). Anal. Calc. for 20 
Q.H^NO-: C, 67.66; H, 8.78; N, 7.17. Found: C, 67.54; H, 8.69; N, 7.28. 
18) E. Vecchi, Gazz. chim. tel., 44, I, 473 (1914). 

Example 50 
2,4-Dimcthyl-3-n-propyl-5-carbethoxy-pyrrolc 



H Me EtCHO, HC!. AC 2 0 aJJim-—- Me 

MeK^JCOOEt Zn/Hg,25* ' Mek N JC00Et 

. H H 



Acetic anhydride (20 ml) was added to stirred and cooled concentrated hydrochloric 
acid (5 ml), and 2,4-dimethyl-5-carbethoxy-pyrrole (0.668 g) was dissolved in this. 
Propionaldehydc (0.6 ml) and amalgamated zinc (10 g, 20 mesh) was added, the 
mixture stirred 15 min, at 20 — 25° then decanted into ice water (100 ml). The solid 
30 was distilled (80 — 95°, 1 X 10- 1 mm) and crystallized from aqueous ethanol as colour- 30 
less irregular prisms (48%), m.p. 99—99.5° (lit vi) 98°). Anal. Calc. for C l2 H l9 N0 2 : 
C, 68.86; H, 9.15; N, 6.69. Found: C, 68.75; H, 9.19; N, 6.89. 
19) H. Fischer, M. Goldschmidt and W. Nussler, Anhalen, 486, 34 (1931). 

Example 51 

35 . 2,4-Dimethyl-3-isopropyl-5-carbethoxy-pyrrolc 35 

As Example 50 but using acetone. The colourless crude product (50%), m.p. 
105 — 108° after changing to hexagonal plates, was purified in the same way to give 
irregular plates, m.p. 105—106.5°. Anal.. Calc. for C.-H^NO,: C, 68.86, H, 9.15; 
N, 6.69. Found: C, 68.70; H, S.98; N, 6.79. 



21 1,268,711 21 

Example 52 
2,4-Dimethyl-3-n-butyl-5-carbethoxy-pyrrolc 
As Example 50 but using n-butyraldehyde. The colourless crude product (75%), 
m.p. 99 — 103°, was distilled (to 115°, IxlO" 4 mm) and crystallized from aqueous 
5 ethanol as colourless plates, m.p. 101—103°. Anal. Calc. for C lS H 2| NO r : C, 69.92; 5 
H, 9.48; N, 6.27. Found: C, 69.84; H, 9.37; N, 6.37. 

Example 53 
2,4-DimethyI-3-n-heptyl-5-carbethoxy-pyrrole 
As Example 50 but using n-heptaldehyde. After pouring the mixture into water, 
10 the product was extracted with ether and distilled (100°, 1 X 10~ 4 mm) to give colour- 10 
less crystals, m.p. 47—49°. Anal. Calc. for C^H-NO-. : C, 72.41; H, 10.26; N, 
5.28. Found: C, 72.60; H, 10.11; 5.23. 

Example 54 
2,4-Dimethy I-3-n-dodecy 1-5 -carbethoxy -pyrrole 
15 As Example 50 but using iauraldehyde, stirring for 1 nr. at 25 — 30° and pouring 15 

the solution into water (100 ml) containing ammonium hydroxide (5 ml) and Girard's 
reagent "T" (2 g). After two distillations (130°, 1x10-* mm) it formed colourless 
crystals (27%), m.p. 65—67°. Anal. Calc. for C^NO.: C, 75.17; H, 11.12; N, 
4.18. Found: C, 74.95; H, 11.01; N, 4.24. 

20 Example 55 20 

2,4-Dimethyl-3-n*octadecyl-5-carbethoxy-pyrroIe 
As Example 50 but using stearaldchydc trimer and stirring for 3 nr. at 25°. The 
solution was poured into water and the mixture made alkaline with ammonia. The 
product was extracted with ether : distilled (145 — 150° IxlO -4 mm) and crystallized 
25 from ether-pentane as colourless crystals (30%), m.p. 76 — 78°. Anal. Calc. for 25 
C, : H,,NO,: C, 77.27; H, 11.77; N, 3.34, Found: C, 77.11; H, 11.71; N, 3.27.. 

Example 56 
2,4-Dimethyl-3-acetyl-5-cycIopentyI-pyrrole 

H H } PQ V 40° CH 2 -CH Z N H 

30 2,4-Dimethyl-3-acetyl-pyrrole (0.548 g) was dissolved in a mixture of hydriodic acid 30 
(10 ml), acetic anhydride (10 ml) and hypophosphorous acid (2 ml). The solution 
was stirred at 40° while cyclopentanone (1.5 ml) was added in three portions over 
3/4 hr. After stirring an additional 1/2 nr., the solution was poured into ice water 
(125 ml) and the pale yellow product (95%), m.p. 161.5 — 163.5 after changing to 

35 prisms at ca 140°, separated. For analysis it was rccrystallized successively from 35 
hexane, from aqueous methanol and again from n-he<xane as pale pink prisms m.p. 
167.5—168° (lit s,, \ 164.5—165.5°). Anal. Calc. for C |3 H l .,NO: C, 76.05, H, 9.33; 
N, 6.82. Found: C, 76.12; H, 9.21; N, 6.65. 

20) Endo Laboratories Inc. (by K. Schoen and I. J. Pachter). Belg. Pat. 670,796, 
40 Jan. 31, 1966; cf. C.A. 65, 16943 (1966). 40 

Example 57 
2 ) 4-Dimethyl-3-acetyl-5-(2-amino-ethyi)-pyrrole 

HKtfJUe H 3 P0 2 ;35° HfiCHffi^^kh . 

■ H H 

Aminoacetaldehyde dimethyl acetal (0.75 ml) was added to a stirred solution 
45 of 2,4-dimcthyl-3-acctyl-pyrrole (0.548 g) in 10 ml of hydriodic acid and 2 ml of 45 
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hypophosphorous acid. The solution was stirred for 4 hr. at 35° then evaporated in a 
shallow dish in a vacuum dessicator, finally at 0.1 mm, and the residue twice slurried 
and fi tered with acetone. The clarified solution of the solid in water (5 ml) was made 
strongly alkaline with KOH, saturated with potassium carbonate, and extracted re- 
peatedly with ether. The ether solution (125 ml) was concentrated, adding n-pentane 
in7 a [o * C , A 1 ? P r reci Pl ta I c r ** product (29%) as pale yellow prisms, mp. 106.5— 

Snd r M L? C H° r t C ,il' H ^ : o C ' 6663; H > 8 - 95 ' ^' 15-54; neut. equiv. 180. 
Found: C, 66.51; H, 8.89; N, 15.62; neut. equiv. 182. 



Example 58 
Tetramethyl-pyrrole 



MeK N s>C00£t Me^jMi 

ff 

A solution of 2,3-dimethyl-5-carbethoxy-pyrrole (0.82 g) in acetic acid (10 mi\ 
hydnodic acid (10 ml), hypophosphorous acid (2ml) and paraformaldehyde (0.6 g) 
was stirred and heated at 100° under nitrogen for 3 hr. then poured into water The 
mixture was made alkaline with ammonia and extracted with ether The ether was 

105^107° th ° reS ' dUe diSti " ed (65 °' 15 mm) t0 s ' vc ^ P roduct ^ 53% ) m P- 

Example 59 
Tetramcthyl-pyrrolc 

CtOOCr—.Me HjCO.Hl.ACOH Mtr— ,Me 



As in Example 58 using 2,4-dimethyl-3-carbethoxy-pyrrole to obtain 0 32 g (53%) 

c - H '= N: Q 77 " ; wm - 

Example 60 
Tetramethyl-pyrrole 

m **r7-i# H 2 CO.m,AC0H Me^-^Me 

As J m ^ m S k J St U L sing 2 ^-dirnethyi.pyrroLe (2 g), acetic acid (50 ml), hydnodic 
acid (50 ml), hypophosphorous . acid (5 ml) and paraformaldehyde (12 e> Yield 
51%, m.p. 105-107? Anal. Found: Q 77.81; H, 10.32; N, 11.45. " 

Example 61 
Tetramethyl-pyrrole 



^Sr* ~ » 3 ty;t00°~ MeKf/M 



H 



H 



As in Example 60, using 2,5-dimethyl-pyrrolc. Yield 499£, mp. 105—107°. 
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Example 62 
2,3-Dimethyl-4,5-dicthyl-pyrrole 

M?t ji'tf MeCH0.HI,ACOH Met ->Et 

t*K H Jn H r P0 7 .lOO°' MehJft 

H 32 H 

As in Example 58, using 2,3 -dimethyl-pyrrole (1.6 g), acetic acid (40 ml), hydriodic 
5 acid (40 ml), hypophosphorous acid (8 ml) and paraldehyde (1.4 ml). The product 5 

(48%) was an oil, b.p. 45-^7° (0.05 mm). Anal. Calc. for C I0 H lT N: C, 79.40; 
H, 11.34; N, 9.26. Found: C, 79.09; H, 11.27; N, 9.37. 

. Example 63 
2,5-Dimethyl-3,4-diethyl-pyrrolc 2,1 

Hr *H MeCHO, Hl t AC0H flip— jEt 

io MeK H JMe . y^,«» u " MeK^Jw io 

M H 

As in Example 58, using 2,5 -dimethyl-pyrrole (2 g), acetic acid (50 ml), hydriodic 
acid (50 ml), hypophosphorous acid (10 ml) and paraldehyde (1.4 ml). The product 
(46%) was an oil, b.p. 4S— 50° (0.05 mm). Anal. Calc. for C,„H i; N: C, 79.40; H, 
11.34; N, 9.26. Found: C, 79.21; H, 11.53; N, 9.09. - 
15 21) cf. H. Fischer and H Orth. loc. cit., p. 58,. . ° 

Example 64 
2,4-Dimcthyl-3,5-dicthyl-pyrrole 

H £ " H 

As in Example 62, using 2,4-dimethvl-pyrrole. The product was an oil (56%), b.p. 
20 50—52° (0.06 mm). Anal. Calc. for C„,H l7 N: C, 79.40; H, 11.34; N, 9.26. Found: 20 
C, 79.22; H, 11.19; N, 9.44. 

22) cf. H. Fischer and H. Orth. loc. cit., p. 58; F. K. Sinaigo and H. Adkins, loc. cit. 

Example 65 

2,3-Dimethy]-5-carboxy-pyrrolc-4-propionic acid Diethyl Ester 

25 EtOOCK^Me /LHL.35 0 ' EtOOcK^Me 25 

H H 



2-Methyl-5-carboxy-pyrrole-4-propionic acid diethyl ester 23 ' (506 mg) was dissolved 
in hydriodic acid (5 ml), acetic anhydride (5 ml) and hypophosphorous acid (1 ml). 
Paraformaldehyde (120 mg) was added, and the mixture was stirred for 25 rnin. then 
evaporated (rotary evaporator, 25° then 35° bath, finally 0.5 mm). The residue was 
30 rubbed with 2 ml of water then left at 0° overnight. The solid was separated, dried 30 
and re-esteritied by warming to solution in. 6 % hydrogen chloride in cthanol (3 ml). 
The solution, after standing at 20° then at 0°, was scratched. The product which 
separated was recrystallizcd from pentanc (thimble) as colourless plates (48%), m.p. 
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90.5—91.5° unchanged when mixed with authentic material 24) . Anal. Calc. for 
C M H 2l 0 4 N: C, 62.90, H, 7.92; N, 5.24. Found: C, 63.06; H, 8.03; N, 5.19. 

23) S. F. MacDonald, J. Chem. Soc, 4176 (1952). 

24) F. Morsingh and S. F. MacDonald, J. Amer. Chem. Soc, 82, 4377 (1960). 

Example 66 

2-MemyI-5-carboxy-pyrroIe-3-acetic acid -4-prop ionic acid Triethyl Ester 

wtaifl—p ohcmhuco Et00CC u C u_ CHC00Et 

H HClitOH H 



2-Methyl-5-carboxy-pyrrole-4-propionic acid diethyl ester (1.012 g) was dissolved in 
hydnodic acid (10 ml), acetic anhydride (10 ml) and hypophosphorous acid (2 ml). 
This solution was stirred at 40° while adding 1.1 g glyoxylic acid monohydrate in 
3 portions over 15 min. It was stirred 15 min. more then evaporated (rotary, 25° then 
35° bath, finally 0.5 mm). The residue was rubbed with 4 ml of water and left at 
0° overnight. The solid was separated, washed with water (2 ml) and dried. It was 
warmed to solution in 5 ml of 7% hydrogen chloride in ethanol, left 6 nr. at 20° 
then at 0°. The product which crystallized, together with that from the concentrated 
and cooled mother liquor, was rccrysrallized from pentane (thimble) as long colourless 
needles (1022 g, 75%), m:p. 66—66.5°, undepressed when mixed with authentic 
material "\ Anal. Calc. for C 17 H 2 ,NO r> : C, 60.16; H, 7.43; N, 4.13. Found: C, 
60.40; H, 7.65; N, 4.31. 

25) S. F. MacDonald and R. J. Stcdman, Canad. J. Chcm., 33, 458 (1955). 

Example 67 

Fluorene from 2-biphenyl-carboxaldehyde diethyl acetal 




CH(0U) 



Hydriodic acid (10 ml) and hypophosphorous acid (1 ml) were heated and stirred at 
ca. 100° while 1.024 g of 2-biphenyl-carboxaldehyde diethyl acetal (m.p. 63°, obtained 
from 2-biphenyl-magnesium iodide and ethyl orthoformate, biphenyl being removed 
from the crude product by draining in tile then steam-distillation. Anal. Calc. for 
C ir H 2lJ 0,: C, 79.65; H, 7.86. Found: C, 79.48; H, 7.84) in 5 ml of acetic acid was 
added. The mixture was stirred and slowly distilled until the vapour reached 125° 
after 1 nr. The combined distillate and residue were diluted with water and the 
product isolated using ether. It was sublimed at <100° (5X10" 1 mm) and crystal- 
lized from methanol as colourless prisms (83%, m.p. 117.5—118°, mixed m.p. with 
authentic fluorene of m.p. 118— 119° : 117.5— 119°). Anal. Calc. for C l3 H lfl : C, 
93.94; H, 6.06. Found: C, 93.67; H, 6.20. 

It will be seen from the above example that an intra molecular reaction takes 
place, both the alkylatable compound and the carbonyl compound being different 
groups in the same molecule with the result that ring closure is effected. 

In the aforesaid Examples: — 

The hypophosphorous acid used was 50%. The hydriodic acid was stored at 0° 
over phosphonium iodide. 

The hydriodic acid-acetic anhydride mixture was best made by adding the acetic 
anhydride slowly to the hydriodic acid, cooled with water and stirred magnetically, 
then adding the hypophosphorous acid; otherwise, a yellow solid might form. 

The phosphonium iodide was prepared as follows: hydriodic acid (D=1.95, 
115 ml) and red phosphorous (50 g) were stirred magnetically in a 250 ml flask, sur- 
mounted by a 6" air condenser under a- reflux condenser and heated by an oil bath. 
The bath temperature was slowly raised to 80° held at that temperature for 1-1/2 
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hr., then slowly raised to 105°. The phosphonium iodide was periodically removed 
from the air condenser and stored at 0° under hydriodic acid (D 1.95). Yield 74 gm; 
and the reactant 2,4-dimethyl-3-acetyl-pyrrole was prepared as follows, 2,4-dimerIiyl- 
3-acetyl-5-carbethoxy-pyrrole (8 g) and 40 mi of 10% aqueous sodium hydroxide 

5 were heated for 4 h at 175° in- a Teflon lined brass rube. The contents of the tube 5 

were ground up and filtered. The solid was washed with water and distilled (125°, 
1 x 10- 3 mm) to give a colourless product (4.72 g, 90%), m.p. 140—140.5° (lit 137°, 
H. Fischer and H. Orth. "Chemie des Pyrrols", Leipzig 1934, I, p. 185). Anal. 
Calc. for C S H U N: C, 70.04; H, 8.08; N, 10.21. Found: C, 70.22; H, 8.21; N, 

10 9.99. 10 
The 2,4-dimethyl-3-acety 1-5 -ethyl-pyrrole of Example 20 has been prepared by 
F. K. Sinaigo and H. Adkins, J.A.CS. 55, 709 and is given a m.p. of 157— 15S. 
The products of Examples 7, 8, 22, 24, 30 and 56 are known compounds disclosed in 
Belgian Patent No. 670,796 issued January 31, 1966. 

15 The products of Examples 4, 14, 34, 43 to 47, 50 to 55, 65 and 66 are useful 15 

for synthetic and analytic work on natural pigments. 

WHAT WE CLAIM IS: — 

I. A method of introducing a substituted or unsubstituted alkyl or cycloalkyl 
group onto at least one ring carbon atom of an alkylatable aromatic compound which 

20 comprises reacting the aromatic compound with an aldehyde, or ketone, or a compound 20 
generating an aldehyde or ketone under the reaction conditions, in the presence of a 
strong inorganic acid condensing agent and a reducing agent, the aromatic compound 
and aldehyde or ketone, or compound generating the aldehyde or ketone, being stable 
(as herein defined) under the conditions of the reaction and the aromatic compound 

25 having at least one ring carbon atom having replaceable hydrogen or bearing a sub- 25 
stituent removable under the reaction conditions to yield a replaceable hydrogen atom 
whereby to form with the aldehyde or ketone, or compound generating the aldehyde 
or ketone under, the reaction conditions, an intermediate which is reduced to an alkyl 
or cycloalkyl derivative of the aromatic compound. 

30 2. A method as claimed in claim 1 in which the aromatic compound is a five . 30 

membered ring compound containing nitrogen in the ring. 

3. A method as claimed in claim 1 in which the aromatic compound is a pyrrole 
derivative. 

4. A method as claimed in claim 1 in which the aromatic compound is a pyrrole 

35 substituted by at least one methyl group. 35 

5. A method as claimed in claim 1 in which the aromatic compound is a pyrrole 
substituted by two methyl groups. 

6. A method as claimed in claim 5 in which the pyrrole is substituted by a 
carbethoxy or acetyl groups or both such groups. 

40 7. A method as claimed in claim 1 in which the aromatic compound is 2,4-di- 40 

methyl-5-carbethoxy pyrrole, 2,4 - dimethyl - 3,5 - dicarbethoxy pyrrole, 2 - metryl- 
3 - carbethoxy pyrrole, 2,4 - dimethyl - 3 - acetal pyrrole, 2 - carbethoxy - 3 - methyl- 
pyrrole, 2 - methyl - 5 - carbethoxy pyrrole, 2,3 - dimethyl - 5 - carbethoxy pyrrole, 
2,4 - dimethyl - 3 - bromo - 5 - carbethoxy pyrrole, 3 - ethyl - 4 - methyl - 5 - car- 

45 bethoxy pyrrole, 3 - methyl - 4 - carbethoxy pyrrole, 2,5 - dimethyl - 3 - carbethoxy 45 
pyrrole, 2 - methyl - 3,5 - dicarbethoxy pyrrole, 3 - methyl - 2,5" - dicarbethoxy 
pyrrole, 2,3 - dimethyl - 5 - carbethoxy pyrrole, 2,3 - dimethyl pyrrole, 2a,5 - di- 
methyl pyrrole, 2 - methyl - 5 - carboxy pyrrole - 4 - propionic acid diethyl ester or 
2,4-dimethyl pyrrole. 

50 8. A method as claimed in claim 1 in which the aromatic compound is benzene 50 

or a derivative thereof. 

9. A method as claimed in claim 1 in which the aromatic compound is benzene 
or benzene substituted by at least one hydroxy, methyl or chlorine group. 

10. A method as claimed in claim 1 in which the aromatic compound is a xylene, 

55 tctrahydronaphthalene, a phenol or a dichlorobenzene. 55 

II. A method as claimed in claim 1 in which the carbonyl ccmpound has the 
formula RCOR 1 where R 3 is hydrogen, alkyl or carboxyl and is hydrogen, alkyl 
or aryl, or R :t and R' together with the carbon atom to which they are attached form 
a cycloalkyl group. 

60 12. A method as claimed in claim 11 in which R*' is hydrogen, methyl, ethyl, 60 

isobutyl, ten. butyl, carboxyl, /?-carboxyethyl, /3-aminoethyl or /J-acetyl ethyl, R 4 'is 
hydrogen, methyl, ethyl, phenyl cr 3-acetyl-4-mcthyl-5-ethoxy-2-pyrroie, or R a and 
R 4 together with the carbon atom to which they are attached form the cyclohexyl 
group. 
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13. A method as claimed in claim 1 in which the carbonyl compound is form- 
aldehyde, paraldehyde, acetaldehyde, glyoxylic acid, propionaldehyde, n-butyralde- 
hyde, isobutyraidehyde, heptaldehyde, laurylaldehyde, stearaldehyde, amino-aceralde- 
hyde, acetone, diethylketone, methyl-isobutylketone, cyclohexanone, pyruvic acid, 
levulinic acid, benzaldehyde, acetophenone, chloroacetone, 2,5-hexane-dione or 2- 
formyl-3-aceryI-4-methyl-5-carbethoxy pyrrole. 

14. A method as claimed in claim 1 in which the carbonyl compound is generated . 
in situ from paraformaldehyde or paraldehyde. 

15. A method as claimed in claim 1 in which the condensing agent is selected 
from aqueous HI, HI in acetic acid, HI in heptane, HBr in acetic acid, HCI in 
acetic acid or H^SO, in acetic acid.. 

16. A method as claimed in claim 1 in which the reducing agent is hydriodic 
acid, a mixture of hydriodic acid and phosphonium iodide, hydriodic acid and red 
phosphorous, a mixture of HI and hypophosphorous acid, zinc in acid, stannous 
bromide or stannous chloride. 

17. A method as claimed in claim 1 in which the condensing agent and reducing 
agent is hydriodic acid. 

18. A method as claimed in claim 1 in which the carbonyl compound and the 
alky la table aromatic compound are different, groups on the same molecule and intra- 
molecular ring closure is effected. 

19. A method of ring alkylating an alkylatable aromatic compound substantially 
as hereinbefore described in any of the Examples. 

20. An aromatic compound which has been ring alkylated by the method claimed 
in any preceding claim. 
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